ABSTRACT
Introduction
Gamma-ray burst (GRB) afterglows are commonly interpreted in the framework of the standard synchrotron shock model, in which an ultra-relativistic shock is expanding into the ambient medium swept up by the blast wave (Mészáros 2002; Zhang & Mészáros 2004; Piran 1999) . For the simplified assumption that the shock front is spherical and homogeneous, a smooth afterglow light curve is expected. This smooth power-law decay with time was a common phenomenon in most of the pre-Swift GRBs (Laursen & Stanek 2003) , because the afterglow observations typically began ∼1 day after the burst compared to now when we can be on-target within minutes.
The Swift satellite (Gehrels et al. 2004 ) allows studies of the early afterglow phase thanks to its rapid slew, a precise localization of GRBs with its Burst Alert Telescope (BAT, Barthelmy et al. 2005) , and the early follow-up with two telescopes sensitive at X-ray (XRT, Burrows et al. 2005 ) and ultraviolet/optical (UVOT, Roming et al. 2005) wavelengths. Since its launch in 2004, Swift, together with ground-based followup telescopes, has provided many early and well-sampled afterglow light curves deviating from the smooth power-law decay Nousek et al. 2006; Zhang et al. 2006; Panaitescu et al. 2006b ). Such variability can shed light on the central engine and its surroundings.
Several major scenarios have been proposed for afterglow variability. The reverse shock emission might add to the emission from the forward shock (see §4.1, Mészáros & Rees 1993; Zhang et al. 2003; , the shock might be refreshed by slower shells catching up with the decelerating front shells (see §4.2, Panaitescu 2005; Sari & Mészáros 2000; Panaitescu et al.1998; Granot et al. 2003; Kumar & Piran 2000) , the ambient density profile into which the blast wave expands might not be homogeneous (see §4.3, Lazzati et al. 2002; Zhang et al. 2006; Ioka et al. 2005; Wang & Loeb 2000; Dai & Lu 2002,; Nakar & Granot 2007) , or the jet may have an angular structure different from a top hat (see §4.4, Peng et al. 2005; Granot et al. 2006; Berger et al. 2003; Racusin et al. 2008 ).
Here we provide details of the Swift, GROND, and REM observations of the afterglow of GRB 080413B and test the above alternative scenarios for consistency with these data. Throughout the paper, we adopt the convention that the flux density of the GRB afterglow can be described as F ν (t) ∝ t α ν −β . 
Observations

Swift
The Swift/BAT triggered by the long GRB 080413B at T 0 = 08:51:12 UT started slewing to the burst after 70 seconds . The mask-weighted light curve shows a single FRED-like peak starting at T 0 −1.1 s, peaking at T 0 +0.2 s, and returning to baseline at ∼ T 0 + 30 s. The measured T 90 (15-350 keV) is 8.0 ± 1.0 s (Barthelmy et al. 2008) . The BAT prompt emission spectrum was fitted using the Band function with a photon index of α = −1.24 ± 0.26 and an E peak = 67 +13 −8 keV (Krimm et al. 2009 ). By integrating the GRB spectrum using the Band function, we estimate the event fluence in the 15-150 keV energy range to be 3.1±0.12×10
−6 erg/cm 2 (Krimm et al. 2009 ). With a standard concordance cosmology (H 0 = 71.0 km/s/Mpc, Ω M = 0.27, Ω Λ = 0.73, Komatsu et al. 2009) , and a redshift of z = 1.1 (Fynbo et al. 2009 ), the bolometric (1keV -10MeV) energy release of GRB 080413B is E iso = 1.8 × 10 52 erg, with a rest-frame E peak of ∼150 keV. The difference between this value and the value in Krimm et al. (2009) is only due to different set of cosmological parameters used.
The Swift/XRT started observations of the field of GRB 080413B 131.2 s after the trigger Troja & Stamatikos 2008) . XRT data were obtained from the public Swift archive and reduced in the standard manner using the xrtpipeline task from the HEAsoft package, with response matrices from the most recent CALDB release. The XRT light curve was obtained from the XRT light curve repository (Evans et al. 2007 , Evans et al. 2009 ). Spectra were grouped using the grppha task and fitted with the GROND data in XSPEC v12 using χ 2 statistics. The combined optical/X-ray spectral energy distributions were fitted with power-law and broken power-law models and two absorbing columns: one Galactic foreground with a hydrogen column of N H = 3.1 × 10 20 cm −2 (Kalberla et al. 2005) and another one that is local to the GRB host galaxy at z = 1.1. Only the latter was allowed to vary in the fits. To investigate the dust reddening in the GRB environment, the zdust model was used, which contains Large and Small Magellanic Clouds (LMC, SMC) and Milky Way (MW) extinction laws from Pei (1992).
REM
The Rapid Eye Mount (REM, Zerbi et al. 2001 ) 60 cm robotic telescope, located at the ESO La Silla observatory (Chile), reacted promptly and began observing GRB 080413B on April 13 08:52:13 UT, about 76 s after the GRB trigger time. A transient source was detected both in the R and H bands, and follow-up observations lasted for ∼ 1 hr. The afterglow is well detected only up to about 300 s, then its brightness falls below the instrument detection limits in both filters.
Each single H-band observation was performed with a dithering sequence of five images shifted by a few arcsec. These images are automatically elaborated using the jitter script of the eclipse (Devillard 1997) package. The script aligns the images and co-adds all the frames to obtain one average image for each sequence. The R-band images were reduced using standard procedures. A combination of the IRAF 1 , and Sextractor packages 1 IRAF is the Image Reduction and Analysis Facility made available to the astronomical community by the National Optical Astronomy Observatories, which are operated by AURA, Inc., under contract with the U.S. National Science Foundation. It is available at http://iraf.noao.edu/ (Bertin & Arnouts 1996) were then used to perform aperture photometry.
The photometric calibration for the H band was accomplished by applying average magnitude shifts to the ones of bright, isolated, unsaturated stars in the field, as reported in the 2MASS catalog. The optical data were calibrated using instrumental zero points, checked with observations of standard stars in the SA96 Landolt field (Landolt 1992) . All data were then cross-calibrated using GROND photometry to obtain consistent results.
Fig. 1. GROND r
′ band image of the field of GRB 080413B obtained 342 s after T 0 . The optical afterglow is shown inside the Swift XRT error circle. The secondary standard stars are numbered from 1 to 6 and their magnitudes reported in Table 3 .
GROND
The Gamma-Ray burst Optical Near-infrared Detector (GROND, Greiner et al. 2008; Greiner et al. 2007) A variable point source was detected in all bands (Krühler et al. 2008a ) by the automated GROND pipeline . The position of the transient was calculated to be R.A. (J2000) = 21:44:34.67 and Dec (J2000) = −19:58:52.4 compared to USNO-B reference field stars (Monet et al. 2003) with an astrometric uncertainty of 0.
′′ 3. The afterglow was also observed and detected by the Faulkes Telescope South (Gomboc et al. 2008) and Skynet/PROMPT (Brennan et al. 2008) , and spectroscopy was obtained with the GMOS spectrograph on GeminiSouth (Cucchiara et al. 2008 ) and FORS1 on VLT (Vreeswijk et al. 2008) , both determining a redshift of 1.10.
The optical and NIR image reduction and photometry were performed using standard IRAF tasks (Tody 1993 ) similar to the procedure described in detail in Krühler et al. (2008b) . A general model for the point-spread function (PSF) of each image was constructed using bright field stars and fitted to the afterglow. In addition, aperture photometry was carried out, and the results were consistent with the reported PSF photometry. All data were corrected for a Galactic foreground reddening of E B−V = 0.04 mag in the direction of the burst (Schlegel et al. 1998 ), corresponding to an extinction of A V = 0.11 using R V = 3.1, and in the case of JHK s data, transformed to AB magnitudes.
Optical photometric calibration was performed relative to the magnitudes of six secondary standards in the GRB field, shown in Fig. 1 and Table 3 . During photometric conditions, a spectrophotometric standard star, SA112-223, a primary SDSS standard (Smith et al. 2002) , was observed within a few minutes of observations of the GRB field. The obtained zeropoints were corrected for atmospheric extinction and used to calibrate stars in the GRB field. The apparent magnitudes of the afterglow were measured with respect to the secondary standards reported in Table 3 . The absolute calibration of JHK s bands was obtained with respect to magnitudes of the Two Micron All Sky Survey (2MASS) stars within the GRB field obtained from the 2MASS catalog (Skrutskie et al. 2006 ).
Results
Afterglow light curve
The optical/NIR light curve (Fig. 2 ) of the afterglow of GRB 080413B shows an initial decay with a temporal slope α = −0.73 ± 0.01, followed by a flattening starting at roughly 1 ks. Despite the lack of data between 5 and 90 ks, a comparable brightness at the beginning and at the end of the gap (chromatic fading from ∼ 0.8 mag in the g ′ band to ∼ 0.2 mag in the K s band) suggests a plateau. The light curve then resumes the decay with a steeper temporal slope of α = −0.95 ± 0.02 until an achromatic break at roughly 330 ks. Owing the achromacity, time, and sharp steepening of the decay, we assume this to be a jet break. After this break the afterglow fades with a steep decay Time since GRB trigger [s] Fig. 3. Three-component fit for GRB 080413B as the superposition of the afterglow emission from the two jets and the host. Shown are the GROND r ′ and REM R band data, with all other bands omitted to enhance clarity. The additional systematic structure in the residuals between 300 s and 5000 s could be additional small-scale variability, which we ignore here. of α = −2.75 ± 0.16. The flattening at the end (> T 0 + 1 Ms) of the light curve suggests a faint host galaxy.
The X-ray light curve shows a different evolution. The initial decay has the same temporal slope as the optical/NIR light curve, but the later plateau phase is missing completely. The time of the break at ∼ 330 ks and the decay index after this break is adopted from the optical/NIR data as the X-ray flux does not provide strong constraints in this part of the X-ray light curve.
Both light curves were jointly fitted with an empirical model consisting of three components (see Fig 3) . The first component is composed of two smoothly connected power-laws. The second component was needed to model the later rebrightening and uses three smoothly connected power-laws. The flattening in the latest part was modeled with a constant flux. As a result of the high accuracy of the data and good sampling in the time domain, most parameters were left free to vary and are presented in Table  4 .
The only fixed parameters were the smoothnesses s of all breaks connecting the power-laws and the flux of the host galaxy in filters without a detection in the latest flattening phase (i ′ , z ′ , J, H, and K s ). The smoothness was fixed to a value of s = 10 in two cases where the power-law decay was steepening in order to be consistent with the smoothness of a jet break (Zeh et al. 2006) and to a value of s = 2 in the place of the peak of the second component. The flux of the host was fixed to values that assume an achromatic afterglow evolution, though this is probably not quite correct, as the host is expected to have different colors than the afterglow.
The optical/NIR light curve (Fig. 2 ) of the afterglow of GRB 080413B can be divided into six segments a, b, c, d, e, and f , based on the temporal indices shown in Fig. 3 . We assign segment a to the first, and segments c, d, e to the second component. Segment a is the prompt decay dominated by the first component. In segment b we see the rising influence of the second component, which then dominates the rest of the later optical light curve and peaks in the third segment c. The best fit in the segment c is a plateau-like evolution without any sharp flares. Though we have no data points in this segment, magnitudes from Gomboc et al. (2008) are in good agreement with this interpretation. Segments d and e are fully dominated by the second component with segments e and f showing the rising influence of the constant flux, which we interpret as the host galaxy. This host galaxy was detected in the g ′ and r ′ bands, but the stellar mass is not constrained by the optical identification obtained by GROND because observations probe the rest-frame wavelengths below the 4000 Åbreak, where the mass-to-light ratio can vary by a factor of more than 100. The X-ray light curve shows a significantly different evolution, mainly due to a much lower contribution from the second component to the total flux. The absence of the rebrightening part gives evidence of the flux from the second component being stronger in optical wavelengths and nearly negligible in X-rays. This suggests a different physical origin for each component.
Broad-band spectrum
The afterglow spectrum can be parameterized over a broad wavelength range using X-ray, optical, and NIR data. Broadband spectral energy distributions (SED, Fig. 4 ) were constructed at four different time intervals, which are indicated in the light curve (Fig. 2) . Fit parameters of these SEDs are presented in Table 5 .
As already evident from the lack of the plateau phase in the X-ray light curve, there is a spectral evolution between data from the time intervals II and III. The two last optical/NIR SEDs (III and IV) are consistent with a power-law with a spectral index Fig. 4 . Broad-band spectral energy distribution using the X-ray and optical/NIR data at four epochs indicated in Fig. 2 . The data were fitted using a power-law, modified by a Galactic and intrinsic hydrogen column.
consistent with the X-ray spectral index without strong signatures of any curvature. There is also no evidence of any spectral evolution between SEDs before and after the break at 330 ks, providing more evidence of an achromatic jet break. Both the optical/NIR and X-ray emission in these two latest phases probe the same segment of the afterglow synchrotron spectrum with a spectral slope β ∼ 0.92.
SEDs of phases I and II show evidence of a synchrotron cooling break between the X-ray and optical/NIR frequencies. We fixed the difference in values between optical/NIR and Xray spectral indices to 0.5 (as predicted by the standard fireball model; Sari et al. 1998) but the values come from the fitting. This produced a cooling break that showed a slight drift to lower frequencies with time. However, the error on the cooling break frequency is too large to claim any trend, and the cooling break is therefore consistent with being constant as well. We note that this possible cooling break passage through the optical/NIR bands cannot be the cause of rebrightening as it would have the opposite effect, i.e. a steepening of the decay (Sari et al. 1998 ).
Closure relations
The optical/NIR temporal index α = −0.73 ± 0.01 of the segment a is consistent within 3σ errors with the closure relations (Granot & Sari 2002; Dai & Cheng 2001; Zhang & Mészáros 2004; Racusin et al. 2009 ) for a normal decay in the ν m < ν < ν c regime, where the jet is interacting with a homogeneous ISM and is in the slow cooling phase. The corresponding power-law index of electron energy distribution p = 1.44 ± 0.16 is very hard. The X-ray temporal and spectral slopes in the segment a are inconsistent with any closure relations. While the spectral slope is different from that in the optical/NIR wavelengths, the temporal slopes are similar.
The temporal index α = −1.39 ± 0.05 of the second powerlaw of the first component after the break is within 1σ consistent with the closure relations for a post-jet break decay in the ν m < ν < ν c regime, where the jet is interacting with a homogeneous ISM and does not spread. The X-ray slopes are again inconsistent with any closure relations.
The initial decay of the second component in segment d with an index of −0.95 ± 0.02 is consistent (within 1σ) with the closure relations for the normal (pre-jet break) decay in the ν > ν c regime for a homogeneous ISM and slow cooling case. The corresponding electron energy distribution index p = 1.84 ± 0.32 is still rather hard but closer to the values typical of GRBs. The late temporal decay is not constrained well by the data, but it is relatively steep and consistent with being achromatic. Fixing the break to be rather sharp (Zeh et al. 2006 ) results in a decay with a temporal index of α ∼ −2.8, indicative of a post jet break evolution and a break time of roughly 330 ks. This light curve slope, however, is not consistent with any closure relation, which might be, at least partially, the result of the parameter fixing in the light curve fitting.
Discussion
Rebrightenings of the afterglow light curves are generally associated with density inhomogeneities in the circumburst medium or with different forms of late energy injections. In this section we discuss various possible models for interpreting the optical/NIR rebrightening and conclude that the data require the two-component jet model to explain all the light curve features.
Reverse shock emission
When the relativistic shell of the fireball ejecta encounters the interstellar medium, the reverse shock propagates back into the shocked material and can produce a bright optical flash Mészáros & Rees 1993 ). This emission peaks very early, before the emission from the forward shock, and has a steep temporal decay index α ∼ −2 . The reverse shock is therefore inconsistent with being the source of the late emission during the plateau phase in segment c since this emission peaks at several hours after the burst. A second scenario would be that the initial light curve emission in segment a was the reverse shock component decay and the later plateau was the result of the forward shock emission reaching a peak followed by its slow decay, which would then dominate the later light curve (segments c, d, e). However, the shallow temporal index during the initial decay in segment a is incompatible with emission from a reverse shock. The light curve of the afterglow is therefore incompatible with emission from reverse shocks.
Refreshed shock emission
Refreshed shocks are produced when slower shells with a lower Lorentz factor catch up with the afterglow shock at late times Panaitescu 2005; Sari & Mészáros 2000; Panaitescu et al.1998) . Each collision then causes a rebrightening in the afterglow light curve. After the rebrightening, the afterglow resumes its original decay slope . However, these rebrightenings are generally achromatic (Kumar & Piran 2000) as the slow shell reenergizes the forward shock, which is responsible for both X-ray and optical emission. Therefore, a refreshed shock could not create the chromatic rebrightening in the light curve of the afterglow after the initial decay. Different temporal indices before and after this event moreover exclude refreshed shocks as a feasible explanation for the evolution of the light curve.
Inhomogeneous density profile of the ISM
Variations in the external density provide a possible explanation for the temporal variability of the GRB afterglow light curves within the external shock framework (Lazzati et al. 2002; Zhang et al. 2006; Ioka et al. 2005; Wang & Loeb 2000; Dai & Lu 2002) . Such variations might be the result of the interstellar medium turbulence or variability in the winds from the progenitor. The first case might be characterized by either an abrupt change in the radial density or density clumps on top of a smooth background. The latter can be a case of the wind termination shock, which is an abrupt increase in the radial density between wind environments of two evolutionary stages of the massive progenitor. Models suggest that these inhomogeneities will have a clear observational signature in the form of the optical afterglow light curve rebrightening.
The initial decay of the light curve of GRB 080413B is a smooth power-law with α ∼ −0.7. At T ∼ 0.12 d α becomes positive over a factor ∼ 2 − 3 in time. According to Nakar & Granot (2007) and van Eerten et al. (2009) , such a large increase in α over a relatively small factor in time is not expected from variations in the external density. Even though our temporal index during the rebrightening is based on the fit alone, real data before and after this gap show that a smooth power law connected with very sharp breaks and with a temporal index very near zero would be needed to connect these data points without a rebrightening with a peak. While the wind termination shock could explain the lack of the rebrightening feature in X-ray band, the expected increase in temporal index above the cooling frequency is too small to be compatible with our optical light curve.
Two-component jet
The generic two-component jet model consists of a narrow and highly relativistic jet, responsible for the prompt afterglow emission, and of a wider and moderately relativistic jet, dominant in the later afterglow emission (Peng et al. 2005; Granot et al. 2006; Berger et al. 2003; Racusin et al. 2008) . For an on-axis geometry, the resulting afterglow light curve is a superposition of these two components, where the decelerating narrow jet creates the initial decay and the wide jet dominates the later emission that rises during the pre-deceleration phase, followed by the shallow decay with a possible jet break. The relative energies and jet structure then define the light curve morphology.
The light curve is well-fitted (red. χ 2 = 1.08) with the sum of the two components that we relate to the two afterglow jets, where both are viewed on-axis and are coaxial. The initial shallow decay phase of segment a could be the result of the emission of the decelerating narrow jet. Given that we do not see any rising part in the early light curve and that even the very early data from the REM telescope have the same decay slope as the later GROND data, we can safely assume that we see the narrow jet on-axis. From the time of the jet break at around 3.9 ks, we can calculate the opening angle (Sari et al. 1999b ) of the narrow jet as θ n ∼ 1.7
• , substituting the measured quantities and normalizing to the typical values n = 1 cm −3 and η = 0.2 (Bloom et al. 2003) . Assuming the time of the first R ′ band data point to be upper limit on the time of the emission peak, we calculate the initial Lorentz factor (Molinari et al. 2007 ) to be Γ n > 188. These values lead to the beaming factor and the true gamma-ray energy release (Frail et al. 2001; Bloom et al. 2003) of f b = (1 − cos θ jet ) = 4.4 × 10 −4 and E γ,n = 7.9 × 10 48 erg. The wide-jet component might be responsible for the rebrightening starting at around 10 ks. However, this second component is visible even earlier in the initial decay phase, where the light curve gets shallower (segment b). The initial rising temporal index is compatible with the jet decelerating in the circumburst medium. The wide jet is therefore seen on-axis as well, and both jets can be considered coaxial. The jet break at roughly 330 ks indicates an opening angle of the wide jet of θ w ∼ 9
• . The initial Lorentz factor, corresponding to the peak of the second jet at 37 ks, is then Γ w ∼ 18.5.
Conclusions
In this paper we study the optical/NIR light curve produced by the afterglow of GRB 080413B. The possibility that the jet of this GRB might have a narrow ultra-relativistic core and a wider, mildly relativistic outer component has been indicated by the observation of the afterglow emission. An on-axis coaxial twocomponent jet model provides a consistent description of the properties of GRB 080413B, and can additionally explain the wide range of light curve evolutions, the difference between optical/NIR and X-ray light curves, and the chromatic evolution of the optical light curve itself.
The comparison with the two most prominent light curves modeled by the two-component jet to date -GRB 050315 and GRB 080319B -reveal consistency with the GRB 080413B afterglow light curve. The X-ray light curve of the afterglow of GRB 050315 (Granot et al. 2006; Nousek et al. 2006) shows a remarkable resemblance to the optical/NIR light curve evolution of the afterglow of GRB 080413B. If we neglect the very steep tail of the prompt GRB emission, the initial XRT light curve of GRB 050315 is dominated by the narrow jet, followed by a slight rebrightening at around 1.5 ks caused by the wide jet in its pre-deceleration phase. After the peak, the light curve decay is dominated by the emission from the wide jet. Times of jet breaks of narrow (∼ 9 ks) and wide (∼ 200 ks) components, as well as their opening angles θ w = 2θ n = 3.2
• (Granot et al. 2006) , are within an order comparable with those of GRB 080413B.
The X-ray light curve of the naked-eye GRB 080319B (Racusin et al. 2008) shows similar evolution. The narrow jet dominates the first ∼ 40 ks of the afterglow. After the narrow jet decays, the wide jet dominates the late afterglow. There is no rising part of the wide jet and thus no sharp rebrightening or plateau, so the wide jet merely makes the decay flatter. The optical light curve is missing the emission from the narrow jet, suggesting that the optical flux from the wide jet must be much stronger than that of the narrow jet. The jet break of the narrow jet at ∼ 2.8 ks, which corresponds to an extremely narrow opening angle of 0.2
• , is the earliest of these three bursts. The jet break of the wide component with opening angle ∼ 4
• is, on the other hand, the latest at roughly 1 Ms. In general, the X-ray light curves of GRBs 050315, 080319B and the optical light curve of GRB 080413B are very similar. However, the afterglow of GRB 080413B is the only one showing both components in the optical/NIR wavelengths, while the emission from the wide jet in the X-rays is negligible. The X-ray flux from the wide jet must then be much less prominent than for the narrow jet.
Following this line of reasoning the relative fluxes in optical/NIR and X-ray of the narrow and wide jets can be explained in the following way. The SED of the narrow jet (intervals I and II) shows a break, while that of the wider jet does not. For both jets we have argued that we cover the slow cooling regime. The spectral slope of the wide component implies that the cooling break is at frequencies below the near-infrared bands. Both the cooling frequency and the maximum power depend on the product of Lorentz factor Γ of the shocked fluid and the magnetic field strength. It is generally assumed that the narrow jet comes with a larger Lorentz factor than the wide one, and a similar assumption can be reasonably made about the (self-created) magnetic field. The SEDs of the two jets show us that the product Γ * B of the wide jet, and consequently also the emission at X-ray energies, are at least a factor 100 less than for the narrow one. Therefore, the wide jet does not contribute to the X-ray emission in any significant way. The situation is different in the optical/NIR since cooling break of the narrow jet leads to a reduced flux by a factor of ≈ 10 relative to a spectrum with no cooling break between the optical/NIR and X-rays. Consequently, the optical/NIR emission of the wide jet is much more prominent than for the narrow jet.
The values derived from the modeling of GRB 080413B afterglow are fairly consistent with the collapsar jet breakout model of Zhang et al. (2004b) , where the numerical simulations predict θ n = 3 − 5
• , Γ n 100 for the narrow component and θ w ∼ 10
• , Γ w ∼ 15 for the wide component (Peng et al. 2005 ). The characteristic Lorentz factors are very similar to those of the hydromagnetically accelerated, initially neutron-rich jet model of Vlahakis et al. (2003) , where Γ n ∼ 200 and Γ w ∼ 15. These two models are distinguished by the ratio of the kinetic energy injected into the two components. For values typical of the collapsar model (E w /E n ∼ 0.1), Peng et al. (2005) predict that the contribution of the narrow component dominates at all times. However, for E w 2E n (as in the neutron-rich hydromagnetic model), the narrow component dominates at early times but the contribution of the wide jet becomes dominant around the deceleration time of the wide jet. If E w > E n , the jet break of the narrow jet could be masked by the rise (and subsequent dominance) of the flux from the wide jet as the deceleration time of the wide component is approached. That the only visible jet break in the optical light curve is the one of the wide jet may lead to overestimating the emitted gamma-ray energy if the opening angle of the wide jet is used in converting the measured energy into the beaming-corrected energy (see Peng et al 2005 for detailed discussion). Because the deceleration time of the wide component is much longer than for the narrow component, a bump is expected to show up in the decaying light curve of the narrow component owing the emission of the wide component at its deceleration time. These predictions are in perfect agreement with our data, suggesting that the two-component jet model can be placed among models that explain the variability in the early light curves of the GRB afterglows. 
